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Descripti n 

This invention relates t n vel photopolymerizatlon sensitizers and to methods for their preparation 
comprising bonding benzophenone derivatives into organopolysiloxanes. 

5 Various photosensitive or photopolymerizable (hereafter to be called photosensitive) resins are 
conventionally known. Several photopolymerizatlon sensitizers have been developed or proposed for the 
photopolymerizatlon of these photosensitive resins. The required characteristics for these 
photopolymerizatlon sensitizers are good sensitizing action and good misciblHty with the photosensitive 
resins. If its miscibility with photosensitive resins is poor, the polymerization sensitizer will separate from 

w the photosensitive resins and the desired sensitization action cannot then be adequately achieved. When 
the photosensitive resin polymerizes and hardens, nonuniformities therein are formed and the sensitizer is 
deposited or separated from the hardened photosensitive resin. In cases where photosensitive resins 
blended with the photopolymerizatlon sensitizer are stored, long-term storage is a problem. 

There are many types of conventionally known photosensitive silicone resins and photosensitive 

IS organopolysiloxanes and it is necessary to use photopolymerizatlon sensitizers with these resins. For this 
purpose, sensitizers such as 2,6-dlchloro-4-nitroaniIine, 2,4-dinitrophenol and other aromatic compounds; 
MichieKs ketone, benzophenone, benzoin, and other ketones; and benzoquinone and other quinones are 
known to be effective. However, these sensitizers have the drawbacks and disadvantages described above 
since they are poorly miscible with photosensitive organopolysiloxanes. Sensitizers which are miscible 

20 with photosensitive organopolysiloxanes have been proposed in Japanese Patent Sho 51 (1976)— 48794. 
They are benzophenone derivatives substituted with organosiloxy groups. However, they are not perfectly 
miscible with photosensitive organopolysiloxanes and their syntheses are also time-consuming. 
Therefore, they have no practical use. This invention was achieved as the result of research by the present 
inventors in order to overcome these disadvantages of the conventlorial technologies. 

26 It is an object of this invention to provide novel organopolysiloxane photosensltizers. It is another 
object of this invention to provide photosensltizers which are readily miscible with photosensitive silicone 
resins and with photosensitive organopolysiloxanes. It is a further object of this invention to provide 
photosensltizers which are relatively easily prepared and methods for their preparation. 

These objects, and others which will become obvious after considering the following specification and 

30 appended claims, are obtained by chemically bonding certain alkenyloxy-substituted benzophenone 
derivatives to organopolysiloxanes or organosilanes which bear silicon-bonded hydrogen atonis and 
optionally, further polymerizing the product by a sitoxane-polymeriang reaction. 

Detailed description of the invention 
3S The present invention relates to an organopolysiloxane photosensitizer comprising an average of 
more than two siloxane units, of which at least an average of one siloxane unit per organopolysiloxane 
molecule has the formula QaBSSiO^^ya, wherein Q denotes a benzophenone-contafning group havirig the 
formula 

40 O 

II . 
(RiC6H5^)C(C6H4^R;0R'-)-; 

and R^ each denote, independently, a hydrogen atom, a halogen atom, a monovalent hydrocarbon 
45 group haying from 1 to 10 carbori atoms, an alkoxy group, a thioalkoxy group, a hydroxy I group, an amino 
group or a dialkylamino group; R' denotes a divalent hydrocarbon group having from 2 to 10 carbon . 
atoms; R^ denotes a monovalent hydrocarbon group or a halogenated monovalent hydrocarbon group; m 
is an integer of from 1 to 5, n is an integer of from 1 to 4, d is an integer of from ^to3,b is an integer of from 
0 to 2 and a+b is an integer of from 1 to 3. 
so The present invention further relates to a method for preparing an organopolysiloxane photosensitizer 
comprising an average of more than-two siloxane units, of which at least an average of one siloxane unit 
per organopolysiloxane molecule has the formula QaR^iO(4Hft4i)/2' said method comprising reacting, by a 
hydrpsilylation reaction, an alkenyloxybenzophenone reactant having the formula 

55 O 

II 

(RiC6H5^)C(CeH4^R;0R=) 

and an organohydrogenpolysiloxane reactant containing more than two siloxane units and at least one 
60 silicon-bonded hydrogen atom per molecule, wherein Q denotes a benzQphenone-containing group having 
the formula 

O 

6S {RiCeH5H„)C{C6H4^R»nOR^4-; 
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at each occurrence and denote, independently, a hydrogen atom, a halogen atom, a monovalent 
hydrocarbon group having from 1 to 10 carb n atoms, an alkoxy group, a thioalkoxy group, a hydroxy! 
group, an amino group or a dialkylamino group; R' denotes a divalent hydrocarb n group having from 2 to 
10 carbon atoms; R* denotes a monovalent hydrocarbon group or a halogenated monovalent hydrocarbon 

5 group; denotes an aliphatically unsaturated monovalent hydrocarbon group having the same number of 
carbon atoms as the R^ group; m is an integer of from 1 to 5, n is an integer of from 1 to 4, a is an integer of 
from ItoSfb is an integer of from 0 to 2 and a+b is an integer of from 1 to 3; the R® group becoming the R^ 
group during said hydrosilylation reaction. 

The present invention also relates to a method for preparing an brganopolysiloxane photosensitizer 

to oomjprising ah average of more than two siloxahe units, of Which an average of at least one siloxane unit 
per organopolysiloxahe nnblecule has the forrnula QBRbSiO(4^K2' ^^^^ method cdmprising,(A) reacting, by 
a hydrosilylation reaction to form ah adduct, an alkenyloxybenzophenone reactant having the formula 

O 

f5 .. II . 

(R'mC6H5^)C(CeH4^I^OR») 

and a silah'e bearing at least one silicon-bonded hydrogen atom and at least one silicon-bonded 
hydrblyzable group or a siloxahe bearing at least two siloxane units and at least one silicon-bonded 
20 hydrogen atom; and (B) polymerizing thie adduct or copolym'erizing the addu'ct with another siiane bearing 
at least one silicon-bonded hydrolyzable radical or with a siloxane, both belhg free of Q groups, to provide 
the oir^ahopolysiloxane photdsehsitizer, wherieih Q denotes a behzophenone-^ntaining group having the 
formula 

25 O 

II 

(RiCsH5^)C(C6H4H.R=nORM-; 

at'each occurrence R^ and R^ denote, independently, a hydrogen atom, a halogen atom, a monovalent 
30 hydrocarbon group having from 1 to 10 carbon atoms, ah alkoxy group, a thioalkoxy group, a hydroxyl 
group, an amino group or a dialkylamino group; denotes a divalent hydrocarbon group having from 2 to 
10 carbon atoms; R^ denotes a monovalent hydrocarboh group or a halogenated monovalent hydrocarbon 
grbiip; R^ denotes ah aliphatically unsaturated rhonovalent hydrocarbon group having the same number of 
carbon atoms as the R^ group; m is an integer of from 1 to 5, /? is an integer of from 1 to 4, a is an integer of 
35 from 1 to 3, 6 is an integer of from 0 to 2 and a+b is an integer of from 1 to 3; the R^ grdiip becoming the R^ 
group during said hydrosilylation reaction. 

The photbpolymerization sensitizers of the present invention are organopolysiloxanes having an 
average of at least one siloxane unit per molecule which bears a silicon-bonded benzophenohe derivative 
group. This siloxane unit has the formula QaRbSiO(4^b>/2 Wherein Q repreisents the behzophenone 
40 derivative group and has the formula 

O 

(RAC6Hs^)C(C6H4.XOR^4-. 

45 

In the above siloxane unit formula a has a value of 1, 2 or 3, 6 has a value of 0, 1 or 2 and the sum of 
a+b has a value of 1, 2 or 3, thereby providing siloxane units having the formulae QSiOg/a, QR^SiOz/ar 
QR|SiO,/2, QaSiOz/er QaR^SiOi/z and QaSiOvz- Preferably, a has a value of 1, as illustrated by the first three 
siloxane units listed. 

so In the above formula for Q, R' and R^ each denote hydrogen atoms, hydroxyl groups, amino groups, 
halogen atoms such as fluorine, chlorine, bromine and iodine; monovialent hydrocarbon groups containing 
1—10 carbons such as methyl groups, ethyl groups, n-propyl groups, n-butyl groups, t-butyl groups, hexyl 
groups and octyl groups; alkoxy groups such as rriethbxy groups, ethoxy groups and propoxy groups; 
thioalkoxy groups, such as thiomethoxy groups and thioethoxy groups; and dialkyliamihb groups, such as 
dimethylamino groups, diethylamino groups and methylprOpylamino groups. In a preferred embodiment 
of this invention, R' and R^ are hydrogen atoms. 

In the above formula for Q, m has a value of from 1 to 5, preferably from 1 to 3, and n has a value of 
from 1 to 4, preferably from 1 to 3. Of course, in the preferred embodiment wherein R^ and R^ both are 
hydrogen, the values of m and n are effectively, and equivalently, any and all values from 0 to 5 and 0 to 4 

so respectively. 

R® denotes a divalent hydrocarbon group having from 2 to 10 carbon atoms such as ethylene groups, 
propylene groups, isopropylen groups and butylene groups. Preferably, R^ is a propylene group. 
A highly pref rred Q group, therefore, has the formula 

65 
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o 

II 

C6H5CC6H4OCH2CH2CH2. 

6 In the above siloxane unit formula, R* denotes a monovalent hydrocarbon group or a halogenated 
monovalent hydrocarbon group. Examples of suitable monovalent hydrocarbon groups include alkyi 
groups such as methyl groups, ethyl groups,^ propyl groups and octyl groups; aryl groups such as phenyl 
groups, tolyl groups and xylyl groups; cycloaliphatic groups such as cyclohexyl groups; and arylalkyl 
groups such as benzyl groups, 2-phenyIethyl groups and 2-phenylpropyl groups. Examples of suitable 

fo halogenated monovalent hydrocarbon groups include 3-chloropropyl groups, 3-chlorp-2-methylpropyl 
groups, 3,3,3-trifluoropropyl groups and chlorophenyl groups. 

The organopolysiloxane sensitizers of this invention can contain, in addition to siloxane units bearing 
Q groups, siloxane units which are free of Q groups. Said siloxane units free of Q groups preferably have 
the formula RjHaSiO(4«e^)/2 wherein denotes those groups delineated above. The values of c, d and c+d 

IB can be, independently, 0, 1 , 2 or 3. Preferably, c has a value of 1, 2 or 3 and d has a value of 0 or 1 thereby 
providing siloxane units having the formulae R^SiOg/a, ^^xOzn* R|SiOi/2, R'^HSiOa/a and RfHSiOi^. 

Examples of suitable siloxane units free of Q groups include dimethylsiloxane, methylvinylsiloxane, 
methylphenylsiloxane, diphenylsiloxane, methyloctylsiloxane, methyl (3,3,3-trif!uoroprppyl)siloxane, 
methyl (3-chloropropyI)siIoxane, and other diorganosiloxanes; trimethylsiloxane, dimethyivinylsiloxane, 

20 dimethylphenylsiloxane, methyfphenylvinylsiloxane, dimethyl (3,3,3-trifluoropropyl jslloxane, and other 
triorganosiloxanes; methylsiloxane, propylsiloxane, vinylsiloxane, phenylsiloxane, 3,3,3-trifluoro- 
• propylsiloxane, and other mpnoorganosiioxanes; methyl hydrogen siloxane, dimethylhydrpgen siloxane, 
hydrogen siloxane, and other siloxanes containing hydrogen atoms directly bonded to silicon atoms. 
The structure of the organopolysiloxane photosensitizer can be linear, branched, cyclic, or network. Its 

26 degree of polymerization, i.e. the number of siloxane units, is greater than 2 with an upper liinlt as high as 
the maximum possible degree of polymerization, generally about 10,000. However, It is preferable for the 
degree of polymerization to be less than 1,000 from the viewpoint of the mrsctbility of the sensitizer. It is 
sufficient that each molecule have at least one group possessing the benzophenone derivative structure. It 
is also sufficient that each molecule have at least, one organosiloxane unit containing this group. At the 

30 upper limit, the organosiloxane units can all contain a group possessing the benzophenone derivative 
structure. Nevertheless, If the number of the groups possessing the benzophenone derivative strupture is 
too low, sensitization will be insufficient If the number is too high, the misclbllity with phptpsensltlve 
resins, especially with photosensitive silicone resins and photpsensitlye organopolysiioxanesF will 
decrease. Therefore, it is preferable to have this group present at 0.2% to 50%.of the total nurnber of 

35 organic groups {R*+Q) in each molecule. 

A preferred embodiment of the present invention is an organopolysiloxane photosensitizer wherein all 
R'* groups are methyl groups. The resulting methyl-containing photosensttizers are particularly useful in 
the methyl silicone photocurable resins delineated below. 

A particularly useful embodiment of the present invention Is the fluid .organopolysiloxane photo- 

40 sensitizers, illustrated by the examples disclosed below and enconnpassed by the generaif foitnula 

RSSiO(R|SIO)x(R*HSI0)y(R*QSI0),SiRt 

Herein R^ and Q are as delineated above, preferably CH3 and 

45 ■ ... " 

O 
II 

CeH50CsH40CH2CH2CHa— 

SO respectively, and x, / and z have average values such that their sum Is less than 1 QOO and z Is at least 1. The 
values of x and y can both be zero; however the value of x is typically greater than zero. 

The organopolysiloxane phptosensitizers of this Invention can be prepared by two general methods, 
both comprising a hydrosilyiatibn reaction between an alkenyloxybenzophenone reactant and a reactant 
bearinig at least one stilconbonded hydrogen atom, and both comprising an aspect of this invention. Other 
55 methods of preparation rhay also be suitable. 

In these two general methods of preparation the alkenyloxyberizophenone reactant has the formula 

■ 6 

{RiCeH5^)C(C6H4.„RSqR«) 

wherein R^ and R' d note th sam general and preferr d groups d noted above and m and n denote the 
same gen ral and pr ferred int g rs noted above. These grpups and Integ rs ar carried, unchanged In 
these two general methods, from the alkenyloxybenzophenone reactant into the organopolysiloxane 
6S phot sensitizer. 
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The group of the alkenyloxybenzophenone reactant is an alfphatically unsaturated monovalent 
hydrocarbon group having the same number of carbon atoms, i.e. 2 to 10, as the group denoted above 
and becomes said gr up after the hyd rosily lation reaction with the silicon-bonded hydrogen atom. 
Examples of suitable R' groups Include — CH=CH2, — CHaCH-CHar 

5 

CH3 
I 

— CHjC^CHa, 

to and — CHaCri^iCHCHa. 

Of course, it Is to be understood that whereas a given R^ group provides an R^ group having the same 
number of carbon atoms after the hydrosilylation reaction, the structure of the resulting R' group can vary. 
For example, an R* group having the structure —CHaCH^CHz group can provide an R® group having the 
structure 



— CHaCHaCHa— or — CH2CHCH3, 

depending on the mode of addition of the reacting silicon atom and the reacting hydrogen atom of the 

20 reactant bearing at least one silicon-bonded hydrogen atom. 

Examples of alkenyloxybenzophenone derfviatlves are o - viriyloxybenzbphehone, p - vihylbxybenzo- 
pheri6ne/6 - allyldxybenzophenone, p - allyloxybehzopheiiOhe, 2 -allyloxy -4 - methbxybenzophenone, 
4,4' - diallyloxybehzbphendne, 3,5 -dichloro -4 - allyloxybenzophenone, 2 -aliyloxy -5 - methylbenzo- 
phehdne, o - methallylbxybenzopheriohe, p - methallylbxybenzophenona, 2 - methallylbxy - 4 - 

25 methbxybenzophenbne, 4,4' - dimethallyloxybenzbphenohe, 3,5 - dtchlbro - 4 - methallylbxy- 
benzophenbhe, 2 - rtiethallylbxy - 5 - methyl benzophehohe, o - crotyloxybenzbphenone, p - 
crbtyloxybenzophenbne, 2 - crbtyloxy - 4 - methoxybenzophenone, 4,4' - dicrbtyloxybehzophenone, 
3,5 - dichloro - 4 - crotyloxybenzophenone, acid 2 - crotyloxy - 5 - methyl benzophenone. 

The alkenyloxybenzophenone derivative to be used in this synthesis can be synthesized by a 

30 conventionally known ether-linkage-formatioh reaction between readily available substituted or 
unsubstituted hydroxy be nzophehbhe and an alkehyl halide. In other words, it can be obtained by i reaction 
between the substituted or unsubstituted hydroxy benzophenone and ah aikenyl halide by use of a solvent 
such as ether, tetrahydrofuran, acetbrie, dimethoxy ethane; dimeihylsulfbxide, or dimethylfbrmamide in 
the presence of a base such as sbdium amide, potassium carbonate, trlethylamine, sodium hydrbxide, 

35 potassium hydrbxide, banum oxide, silver oxide, or sodium hydride, if necessary, a catalyst such as an 
iodide, for exaniple, potassium iodide, can be added. Examples of specific hydrbxybenzophenone 
derivatives are o-hydroxybenzophenone, p-hydroxybenzophenone, 2-hydroxy-4-methoxybenzophjenone, 
4,4'-dihydroxybenzophenone, 3,5-dichloro-4-hydroxybenzophenone, and 2-hydroxy-5-methyl- 
benzophenone. Examples of alkdhyl halldes are vinyl chloride, allyl chloride, allyl bromide, methallyl 

40 chloride, and crotyl chloride. 

In a first of said two general methods for preparing the organopoiysiloxane photosensitizers of this 
invention the alkenyloxybenzophenone reactant is reacted with an organohydrogenpolysiloxane reactant 
bearing at least one silicon-bonded hydrogen atom to provide the organopoiysiloxane photosensitizers of 
this invention. 

. 45 The organohydrogenpolysiloxane reactant used in the hydrosilylation reaction can be straight chained, 
branched chained, cyclic or network. The degree of polymerization is greater thain 2 and can go as high as 
the maximum possible degree of polymerization which can take place without destroying the hydrogen- 
silicon bonds. For the reasons noted above for the organopoiysiloxane photosensitizers of this Invention, 
however, the degree of polymeriziation of the brganohydrbgenpolysiloxane reactant is likewise preferably 
50 less than 1000. 

The organohydrogenpolysiloxane reactant is preferably composed of siloxane units having the 
formula RjHdSiO(4^^/2 wherein R*, c, d, and c-^d having the same general and preferred meanings as noted 
above with the requirement that at least one of the siloxane units bears a silicon-bonded hydrbgeh atom. 
r A preferred organ ohydrbgenpolysiloxane to be used in this first method of photosensitizer preparation 

55 has the formula 

RjSiO(RjSiO)JR^HSiOLSiRS 

wherein x and w denote integers whose sum has a value of less than 1000. After the hydrosilylation 
60 reaction with the alkenyloxybenzophenone reactant, this preferred organohydrogenpolysiloxane will give 
rise to the preferred organopoiysiloxane photosensitizer noted above and having the formula 

RSSiO(R|SiO)x(R*HSiO)y(R^SiO),— SiRS 

55 wherein the sum of y+z has a valu equal to th value of iv. To obtain the methyl-containing 
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organopolysiloxane photosensitize rs that ar particularly useful in m thyl silicon photocurable resins 
referred to above and delin ated below, all R"* groups in the organohydrogenpolysiloxan reactant are 
methyl groups. Additionally, the alkenyloxybenzophenone reactant preferably has the formula 

5 O 

II 

CflH6CC6H40CH2CH=CH2. 

As noted above, x can have a value of zero; however, it is typically greater than zero in the 
w organohydrogenpolysiloxane reactant Also, as noted above, / can have a value of zero, a condition 
resulting from the complete reaction of silicon-bonded hydrogen atoms with alkenyloxybenzophenone, 
and the value of w then equals the value of z. 

In a second of said two general methods for preparing the drganopolysiloxane photosensitizers of this 
invention an alkenyloxybenzophenone reactant is first reacted, by a hydrosllylation reaction, wfth a silQne 
which contains at least one silicon-bonded hydrogen atom and at least one silicon-bonded hydrolyzable 
group or with a siloxane bearing at least two siloxane units and at least one silicon-bonded hydrogen atom. 
The resulting reaction product, herein designated as the adduct, is thereafter polymerized witii i^lf or with 
another silane bearing at least one silicon-bonded hydrolyzable group or with another siloxane. Said 
another silane and said another siloxane are free of silicon-bonded benzophenbne-c^ntaining groMps. 

In this second method the alkenyloxybenzophenone reactant is the same as the general and preferred 
structures described in the first method, above. 

The silane reactant containing hydrogen atoms bonded to silicon atoms for the addition redaction with 
the alkenyloxybenzophenone reactant in said second method preferably has the formula RjHSiZg-e. The R* 

25 groups in this formula are the same as noted above. Z denotes a hydrolyzable group such as a halogen 
atom, preferably a chlorine atom; or an alkoxy group such as a methoxy group or an ethoxy group, or an 
acyloxy group such as an acetoxy group or a propionoxy group. The vajue of e is 0, 1 or 2, thereby 
providing silanes such as HSiZg such as trichlorosilane or trimethoxysilane, R* HSiZz such as 
methyldichlorosilane or methyidimethoxysilane or methyldiacetpxysilane, and RjHSiZ such as 

30 dimethylchlorosilane. The adduct resulting from the, hydrosilylation reaction between the 
alkenyloxybenzophenone reactant and the preferred silane reactant has the formula I^QSiZg^ wherein R*, 
Q, Z and e are as described above. Examples of suitable silane adducts include, but are not limited to, QStZs 
such as Q3iCl3 or QSKOCHgla. (CHaiQSiZa such as (CHslQSiCIa or (CH3)QtSi{OCH3)2 or 

3S O 

. - - ■ .. . II ■ - 

{CH3)QSi{OCCH3)2 

and (CI-l3)2QSiZ such as (CH3)2QSiCi wherein Q is most preferably the 

4o 

O 

II . : • 

C6H5CC6H4OCH2CH2CH2— 

group. 

45 The siloxarie reactant containing at least two siloxane units and at least one silicon-bonded hydrogen 
atom for the hydrosilylation reaction with the alkenyloxybenzophenone reactarit In said second method 
can be the organo-hydrogenpoiysiloxane reactant denoted above in the firat method of this inventipn. As 
noted above, this preferred organohydrogenpolysiloxane can be straight chained, branched chained, cyclic 
or network in structure. The adduct resulting from a hydrosllylation reaction between the 

so alkenyloxybenzophenone reactant and this organohydrogenpolysiloxane reactant is, of course, the 
organopolysiloxane photosensittzer that is producfsd by the above-described first method of preparation; 
however, in the second method of preparation said adduct is further reacted by a siloxane. polymerization 
reaction, with another silane or ariother siloxane, hqxh free of slliconrbonded Q groups, to produce new 
organopolysiloxane photpserisitizers of this invention. In this second method of preparation the 

55 organohydrogenpolysiloxane reactant Is preferably cyclic in structure such as (CH3HSlb)4, 1.9. 
tetramethyl-teti-ahydrocyctotetraslloxane, or (CH3HSiO)3, i.e. trimethyl-trihydrocyclotrisiloxane^ or larger 
cyclics or mixtures thereof. 

In this second method the siloxane reactant containing at least two siloxane units and at least one 
siltcon-t>onded hydrogen atom can also be an organohydrogenpolysiloxane further containing silicon- 

&} bonded hydroxyl groups or silicon-bonded hydrolyzable groups which are convertible to silicon-bonded 
hydroxyl groups.. These hydrolyzable groups are the same as the Z groups denoted above. 
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Examples of organohydrogenpolysiloxane reactants containing hydrolyzabi groups or hydroxyl 
groups include hydroxyl-endblocked organohydrogen-polysiloxane such as 

HO{{CH3)2SiO},{(CH3)(H)SiO}wH 

5 

or methOJcy-endblocked organohydfogenpolysiloxanes such as 

{CH30)2(CH3)SiO{(CH3)2— SiO}x{(CH3MH)SiO}^!(CH3){OCH3)2 

10 wherein x and w are as noted above. 

For hydrosilylation addition reactions in either method of this invention between 
alkenyloxybenzdphenone derivatives and silanes or siloxanes containing hydrogen atoms bonded directly 
to silicon atoms, catalysts to be used are benzoyl peroxide, di-t-butyl peroxide or other peroxides; 
platinum, palladium, rhodium, nickel, cobalt or other metals in powdered form or in complexes. Platinum 

rs sponge, platinum black, chloroplatinic acid, the reaction product of chloroplatinic acid and alcohol, a 
complex of chloroplatinic acid and vinyl siloxane and other platinum catalysts are preferably used. This 
addition reaction is preferably carried out so that the alkenyloxybenzophenone deriviaitive is reacted at 1 
mole % or less with respect to the hydrogen atoms bonded to the silicon atoms. This addition reaction can 
be carried out in the absence or presence of a solvent Typically, an alkenyloxybenzophenone derivative is 

20 first heated and melted, then mixed with a silane or siloxane containing hydrogen atoms bonded to silicon 
atoms. While these are being vigorously mixed, a catalyst Is added to promote the reaction. The addition 
reaction is completed in a homogeneous systerii. However, it is preferable to add a solvent such as 
. benzene, toluehie or xylene to give a homogeneous starting system for the reaction. 

The adduct that is obtained in the first step of the second method of this invention is subsequently 

25 further reacted. In a siloxane polymerization reaction, with itself or with another silane bearing at least one 
silicon-bonded hydrolyzable group or with another siloxane. Said siloxane polymerization reaction can be 
a hydrolysis and siloxane condensation reaction and/or a siloxane equilibration reaction in the well-known 
manner. The hydrolysis and condensation can be carried out by conventionally known methods if 
hydrolyzable groups are present If hydrolyzable groups are not present, the equilibrium polymerization 

30 can be carried out in the presence of a conventionally known basic or acidic catalyst. 

Said other sflanes or other siloxanes are those which do not contain groups possessing the 
benzdphenone derivative structure. Examples are organotrichlorosilane, diorganodiH:hlorosilane, 
triorganochlorosilane, . organbtrlalkoxysilane, diorganodialkoxysilane, triorganoalkoxysilane, 
organdtriacetoxysilane, dlorganodfacetoxysilariB, triorganoacetoxysitahe, diofgano(methyl- 

35 ethylket6xlme)sHarie, tetraorganodialkoxydi-«iloxane, pentaorganotrialkoxytrisiloxane, triorgano- 
penta-alkoxytrisiloxane, a, (o-dihydroxydiorganosiloxane dligorher, octaorganocyclotetrasiloxane and 
hexaorganddisiloxane. 

The photopolymerization siensitizers of the present invention can be applied to viarious photosensitive 
resins. However, their characteristics are best exhibited when they are applied specifically to 

40 photosensitive silicone resins and photosensitive organopolysiloxanes. In other words, the sensitizers 
widely used conventionally and containing benzophenone, Michler's ketone and benzoin as major 
ingredients have at most 2% miscibility with photosensitive silicone resins and photosensitive 
organopolysiloxanes. However, the sensitizers of the present invention are miscible in much larger 
amourits with the photosensitive silicone resins and photosensitive organopolysiloxanes. In a mixed state 

45 with photosensitive silicone resins or photosensitive organopolysiloxanes, they do not separate out or 
form deposits even after long-term storage. They do not have the problems of conventional sensitizers 
such as benzophenone and MIchler's ketone. In which the sensitizers crystallize out after radiation- 
hardening. They can be used at high concentrations. A high sensitization effect can be expected. 
The miscibilities of the photopolymerization sensitizers of the present Invention will be good if the 

so sensitiziers a re selected so that they have molecular structures or contain organic groups identical or similar 
to the molecular structures or Organic groups of photosensitive silicone resins and photosensitive 
organopolysiloxanes. 

For example, if a photosensitive organdpolysilbxane has a linear structure. Is liquid and contains 
methyl groups as the major organic groups, it is preferable to select a photopolymerization sensitizer of the 

55 present invention which also has a linear or cyclic structure, is liquid and contains methyl groups as the 
major organic groups, other than those groups possessing the benzophenone derivative structure. 

The sensitizers of the present invention can be applied to those photosensitive silicone resins and 
photosensitive organopolysiloxanes known to date, such as organopolysiloxanes containing acryloxy 
groups (Japanese Patent Sho 53<1978)-2911, Japanese Patent Sho 53(1978)-36515, and Japanese Patent 

60 Sho 55(1980)-4770), compositions of organopolysiloxanes having SIH bonds and organopolysiloxanes 
containing unsaturated groups such as vinyl groups (Japanese Patent Sho 52{1977)-40334), and 
compositions of organopolysiloxanes having mercapto groups and organopolysiloxanes containing 
unsaturated groups such as vinyl groups (Japanese Patent Sho 54(1979)-43017). Th sensitizers of the 
present invention ar highly miscible with all of th photosensitive silicone resins and photosensitive 

55 organopolysiloxanes. They can be blended In large amounts. They show a high s 'nsitizing action. In the 
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present Inv ntfon, th term "photosensftlzation" refers to sensitization by ultraviolet rays, electrons and 
other high- nergy rays. 

The following xamples ar disclosed to further illustrate, and to teach how to practice, the present 
invention. These examples shall not limit the present invention as delineated by the appended claims. 
5 All parts and percentages refer to parts by weight and percentages by weight, unless otherwise 
indicated. Me denotes the methyl group. Viscosities are the values at 25X. 

Example 1 

This example illustrates an organopolysiloxane photosensttizer of this invention, its preparation by the 
10 second method of this invention and its use. 

4-Hydroxybenzophenone (100 parts) was dissolved in tetrahydrofuran (100 parts). Potassium 
hydroxide (30.9 parts) was added, heated and stirred until completely dissolved. Allyl chloride (46.4 parts) 
and potassium iodide (42 parts) were added to this solution. The mixture was refluxed for 8 hours. After 
cooling, it was washed with water and the solvent removed by distillation. A crude product of the desired 
IS 4-allyloxybenzophenone was obtained. It was recrystallized rn n-hexane to obtain 110 parts of 
4-alIyloxybenzophen6ne (melting point 7rC) at 72% yield. 

NMR (a value of 5 in carbon tetrachloride) measured values were 4.20 (m, 2H), 4.65 — 5 20 (m 2H1 
5,30-6.00 (m, 1H) and 6.5O-7.50 (m, 9H). ' ' " 

4-Allyloxybenzophenone (2 parts) and tetramethyi tetrahydrogen cyclotetrasiloxane (2 parts) were 
20 heated to SO't:. After mixing by stirring, 0.01 part of a 1% chloroplatinic acid solution in tetrahydrofuran 
(THF) was dripped into it After stirring for 1 hour, hexamethyldisiloxane (1 part), and octamethylcyclo- 
tetrasiloxane (37 parts) were added. Trifluorom ethane sulfonic acid (0.01 part) was added as a 
copolymerization catalyst. After the copolymerization, the solution was neutralized with sodium carbonate 
and filtered, A photopolymerization sensitizing organopolysiloxane (40 parts) with a viscosity of 2Q0 cp, ng* 
25 1.4122, and an average composition formula 

Me3Si0(Me2Si0)8i(MeHSi0)4{MeSi0)^4Siiyie3 

C6H5CC8H4OCH2CH2CH2 
?o II 

• o- 

was obtained. This material (0.5 part) wais mixed, and was completely miscible, with a photosensitive 
siloxane resin consisting of a mixture of 5 parts of a trimethyisiloxy-terminated block polymer containmg 
3S about 78 mole % McaSiO units and about 22 mole % CH2=CHMeSiO units, and 0.5 part of a trimethylsiloxy 
terminated polymer of HMeSiO units. This mixture was made into a film of 10 m thickness and irradiated 
with ultraviolet rays from 160 W/cm high-voltage mercury lamps from a distance of 10 cm. Hardening was 
achieved in 10— 15 seconds. No separation or deposition of the photopolymerization sensitizer was 
observed even after storing the hardened material. 

40 

Example 2 

This example illustrates an organopolysiloxane photosensttizer of this invention, its preparation by the 
first method of this invention and its use. 

4-Allyloxybenzophenone (1 part) and a methylpolysiloxania (10 parts), represented by an average 
composition formula 

Me3SiO(Me2SiO),3o(MeHSiO),oSiMe3 

and containing hydrogen atbmis bonded to silicon atoms, were heated to 90"C. After mixing by stirring, 0.01 
so part of a 1 % chloroplatinic acid solution In THF was dripped irito the mixture. After stirring for 30 minutes, 
the reaction solution was cooled and filtered to obtain 8 parts of a photopolymerization-sensitizing 
organopolysiloxane with a viscosity of 230 cp and ng^ 1.4224. This material (0.5 part) was mixed with a 
photosensitive siloxane resin consisting of a mixture of 6 parts of a dimethylvinylsi|oxy terminated 
polymer of Me^SiO units, and 4 parts of a trimethyisiloxy-terminated blocic polymer containing about 97% 
MeaSiO units and about 3 mole % mercaptopropylmethylsiioxy units. At this time, the vinyl groups and the 
mercpptopropyl groups were about 1 mole %. The photopolymerization sensitizer was " completely 
misctble. This composition was made into a film of 10 m thickness and irradiated with ultraviolet rays from 
160 W/cm high-voltage mercury lamps from a distance of 10 cm. It hardened rapidly in less than 1 second. 
Even after storage of the hardened material, no separation or deposition of the photopolymerization 
sensitizer was observed. 

Example 3 

4-Ailyl xybenz pherione {1 part) and a methyl pplysiloxan (20 parts) represented by th av rage 
compositi n formula 

6S 
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to 



Me3S10(Me2SiO)i3o{MeHSIO)ioSiMe3 

and containing hydrogen atoms bonded to silicon atoms, were heated to 90°C. After mixing by stirring, O.Oi 
part of a 1 % chloroplatinic acid solution in THF was dripped into it. After stirring for 30 minutes, the mixture 
was cooled and filtered to obtain 18 parts of a photopolymerization-sensitizing organopolysiloxane with a 
viscosity of 210 cp arid hg* 1.4130. This material (0.5 part) was mixed, and was completely miscible, with a 
photosensitive siloxarie resin consisting of a mixture of 5 parts of a trimethylsiloxy-termiriated block 
polymer cdhtalning about 78 mole % MegSiO units and about 22 mole % CH2=CHIS/leSiO units and 0.5 part 
of a trlmethylsiloxy-terminated polymer of HMeSiO units. 

This mixture was made Into a film of 100 m thickness, and was irradiated with ultraviolet rays from 160 
W/cm high-voltage mercury lanips frbrii a distance of 10 cm. It hardened in 5 seconds. Even after storing 
the hardened rriaterial, no sepiaration or deposition of the photopolymerlzatlon sensitizer was observed. 

. Example 4 

IS 2-Hydroxy-4-methdxybenz6phenone (114 parts) was dissolved in tetrahydrofuran (TOO parts). 
Potassium hydroxide (30.9 parts) was added* By heating and stirring, complete dissolution was achieved. 
Ally! chloride (46.4 parts) and potassium Iodide (4.2 parts) were added to this solution, which was then 
heated and refluxed for 8 hours. After cooling, it was washed with water and the solvent was removed by 
distillation. A crude product of the desired 2-allyloxy-4-methoxybehzophenone was obtained. It was 

2o recryrstallized in n-hexdrte to obtain 1 25 parts of 2-allyloxy-4-methoxybenzophenone (melting point 40"C) at 

93% yield. ^ 

2-Allyl-4-methoxyben2opherione (13 parts), a methylpolysiloxane (20 parts) represented by an average 

composition formula 

25 Me3SiO(Me2SIO),3o(MeHSIO)ioSiMe3 

and containing hydrogen atoms bonded to silicon atoms, and toluene (10 parts) were heated to 90"C. After 
mixing by stirring, 0.01 part of a 1 % chloroplatinic addHTHF solution was dripped into It After stirring for 30 
minutes, the solvent was removed by distillation. It was filtered to obtain 18 parts of a 

30 photdpolymerization-sensitizing organopolysiloxane with a viscosity of 200 cp and ng® 1.4075. This 
material (1 part) was mixed and was completely miscible, with a photosensrtlve siloxane resin consisting of 
a mixture of 5 parts of a trimethylsilojcy-terminated block polymer containing about 92 mole % MeaSIO 
units and about 8 mole % CH2=CHSiMeO units and 0.5 part of a trimqthylsfiloxy-terminated polymer of 
HMeSiO units. This mixture was made into a film of 1 0 m thickness and irradiated with ultraviolet rays from 

35 160 W/cm high^voltage mercury lamps from a distance of 10 cm. It hardened in 1 minute. Even after storage 
6f the hardened material, no separation or deposition of the photopolymerization sensitizer was observed. 



Claims 

40 1. An organopolysiloxane photosensitizer comprising an average of more than two siloxane units of 
which at least an average of one siloxane unit per organopolysiloxane molecule has the formula 
QaRSSiO(4^-b)/2f wherein Q denotes a benzocyciic, phenone-containing group having the formula 

O 

(RiC6H5^)C{C6H4-„R?0R^4-; 

R^ and R^ each denote, independently, a hydrogen atom, a halogen atom, a monovalent hydrocarbon 
group having from 1 to 10 carbon atoms, an alkoxy group, a thioalkoxy group, a hydroxyl group, an amino 
so group or a dialkylamino group; R^ denotes a divalent hydrocarbon group having from 2 to 10 carbon 
atoms; R* denotes a monovalent hydrocarbon group or a halogenatied monovalent hydrocarbon group; m 
is an integer of from 1 to 5, /) is an integer of from 1 to 4, a is an integer of from 1 to 3, 6 is an integer of from 
0 to 2 and a+6 is an integer of from 1 to 3. 

2. An organopolysiloxiane photosensitizer according to claim 1 wherein any siloxane unit in the 
55 organopolysiloxane photosensitizer molecules not bearing a Q group has the formtila ReHdSiO(4^;^)/2 

wherein c, d and c-\-d are integers of from 0 to 3. 

3. An organopolysiloxane photosensitizer according to clairh 2 wherein the average number of Q 
groups in the organopolysiloxane molecule is equal to from 0.2% to 50% of the total number of Q groups 
plus R^ groups in the organopolysiloxane molecule. 

60 4, A method for preparing an organopolysiloxane photosensitizer comprising an average of more than 
two siloxane units, of which at least an average of one siloxane unit per organopolysiloxane molecule has 
th f rmula QaRbSiO(4..^,>«, said method characterized by reacting, an alkenyloxybenzophenone reactant 
havir^g th formula 

66 
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o 

{RiC6H5.„,)C(CeH4.„RS0R«) 

and an organohydrogenpolysiloxane reactant containing more than two siloxane units and at least one 
thTformu'^^ ^^V^^rogen atom per molecufe, wherein Q denotes a benzophenone-containing group having 



O 

II ... 
(RiC6H5^)C(C5H4^R?OR^-f.; 

at each occurrence R^ and R^ denote, independently, a hydrogen atom, a halogen atom, a monovalent 
hydrocarbon group having from 1 to 10 carbon atoms, an alkoxy group, a thioalkoxy group, a^hydfpxyl 

IS group, an amino group or a dialkylamino group; R^ denotes a divalent hydrocarbon group having from 2 to 
10 carbon atoms; R denotes a monovalent hydrocarbon group or a halogenated monovalent hydrocarbon 
group; R denotes an aliphatically unsaturated monovalent hydrocarbon group having the same number of 
carbon atoms as the R^ group; m is an Integer of from 1 to 5, /i is an integer of from 1 to 4, a is an Integer of 
from 1 to 3, b is an integer of from 0 to 2 and a-^b is an integer of from 1 to 3 whereby the R" group becomes 

20 the R^ group during said reaction. 

5. A method for preparing an organopolysiloxane photosensltizer comprising an average of more than 
two siloxane units, of which an average of at least one siloxane unit per organopolysiloxane molecule has 
the formula QaRbSiO(4^,/2# said method characterized by 

(A) reacting, by a hydrosilylation reaction to form an adduct, an alkenyloxybenzophenone reactant 

25 having the formula 



30 



35 



(RiCeH5^)C(C6H4^RgOR«) 

and a silane bearing at least one silicon-bonded hydrogen atom and at least one silicon-bonded 
hydrolyzable group or a sijoxane bearing at least two siloxane units and at least one silicon-bonded 
hydrogen atom; and 

(B) polymerizing the adduct or copolymerizing the adduct with another sHane bearing at least one 
silicon bonded hydrolyzable radical or with a siloxane^ both being free of Q groups, to provide the 
organopolysiloxane photosensltizer, wherein Q denotes a benzophenone-containing group haying the 
formula 



40 



eo 



O 
II 

(RiC6H5^)C(C6H4^RS0R34-; 



at each occurrence and R* denote. Independently, a hydrogen atom, a halogen atom, a monovalent 
hydrocartjon group having from 1 to 10 carbon atoms, an alkoxy group, a thioalkoxy group, a hydroxyl 

4S group, an amino group or a dialkylamino group; R^ denotes a divalent hydrocarbon group having from 2 to 
10 carbon atoms; R* denotes a monovalent hydrocarbon group or a halogenated monovalent hydrocarbon 
group; R denotes an aliphatically unsaturated monovalent hydrocarbon group having the same number of 
carbon atoms as the group; m Is an Integer of from 1 to 5, n Is an integer of from 1 to 4, a is an integer of 
from 1 to 3, d IS an integer of from 0 to 2 and a+A Is an integerof from 1 to 3; the R» group becomina the R» 

50 group during said hydrosilylation reaction. 



Patentanspruche 



55 Organopolysiloxan-Photosensibilisator, der im Mittel mehr als zwei Slloxanemheiten enthalt, von 

denen im Mittel mindestens eine Siloxane! nheit pro OrganopolysiloxahmolekQI die Forme! ciaRbSiO(4.a^v2 
hat. In der Q eine Benzophenpn enthaltende Gruppe der Fornriel 



O 

II 

(RiCeH5^)C(C6H4.„R;0R3) 



bedeutet in d r jed s R^ und R^ unabhangig vonejnander ein Wasserstoffatom, eln Halogenatom, ein 
einwertiger Kohlenwasserstoffrest mit 1 bis 10 Kohlenstoffatomen, eine Alkoxygruppe, eine Thioalkoxy- 
65 Sruppe* em Hydroxylgrupp , ein Aminogrupp oder eine Dialkylaminogruppe sind, R® ein zw Iwertiger 
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K hienwasserstoffrest mit 2 bis 10 Kohlenstoffatomen ist, R* ein einwertiger Kohl en wasserstoff rest Oder 
ein halog nierter einwertiger Kohl en wasserstoff rest ist und m eine ganze Zahl von 1 bis 5, n eine ganze 
Zahl von 1 bis 4, a eine ganze Zahl von 1 bis 3, b eine ganze Zahl von 0 bis 2 und a+6 eine ganze Zahl von 1 

bis 3 bedeuten. . « • ^ 

5 2. Organopolysiloxan-Photosensibilisator nach Anspruch 1, dadurch gekennzeichnet, daS jede 

Siloxaneinheit des Organopolysiloxan-Photosensibilisatormolekuls, das keine Gruppe Q aufweist, die 
Formal R^HaSiO(4^.d)/2 hat, in der c, d und c^d ganze Zahlen von 0 bis 3 sind. 

3. Organopblysiloxan-Photosensibilisator nach Anspruch 2, dadurch gekennzeichnet, daB inri Mittel die 
Zahl der Q-Gruppen im Organopolysiloxanmolekul gleich ist und von 0,2% bis 50% der Gesamtzahl der 

10 Q-Gruppen plus R*-Gruppen in dem OrganopolysiloxanmolekQI betrSgt. 

4. Verfahren zum Herstellen eines Organopolysiloxan-Photosensibilisators, der im Mittel mehr ais zwel 
Siloxsineinheiten enthSIt, von denen im Mittel mindestens eine Siloxaneinheit pro Organopolysiloxan- 
molekul die Forme! QaRbSiO(4.a.b)« hat und das gekennzeichnet ist durch Umsetzen eines 
Alkenyloxybenzophenon-Reaktlonspartners der Formel 

is 

■-\- ■ " - " 

{RiCeH5^)C(CeH4^RgOFin 

2(i und eiherh Organohydrogenpolysiloxan-Reaktionspartner, . der mehr als zwei Silbxarieinheiten und 
mindestens ein an Sijicium gebundenes Wasserstoffatom pro Molekul auiFweist, wobei Q eine Berizophe- 
hon ehthaltende Gruppe der Formet 

• • O . ■ - ' . 
(RiCeH5Hn)C(C8H4H.R50R') 

bedeutet/in der jedes R^ und R* unabhangig voneinander ein Wasserstoffatonri, ein Haldgienatom» ein 
einwertiger Kohlenwasserstoffrest mit 1 bis 10 Kohlenstoffatomen, eine Alkoxygruppe, eine Thioalkoxy- 

30 gruppe, eine Hydroxylgruppe, eine Aminogruppe oder eine Dialkylaminogruppe bedeutet, R^ ein 
zweiwertiger Kohlenwasserstoffrest mit 2 bis 10 Kohlenstoffatomen ist, R^ ein einwertiger Kohlenwasser- 
stoffrest Oder eiri halogenierter einwertiger Kohlenwasserstoffrest ist, R^ ein aliphatisch ungesattigter 
einwertiger Kohlenwasserstoffrest ist, der die gleiche Zahl von Kohlenstoffatomen aufweist wie R^, und 
wobei m eine ganze Zahl von 1 bis 5, n eine ganze Zahl von 1 bis 4, a eine ganze Zahl von 1 bis 3, b eine 

35 ganze Zahl von 0 bis 2 und eine ganze Zahl von 1 bis 3 ist und wobei der R®-Rest wahrend der Reaktion 
zum R'-Rest wird. 

5. Verfahren zum Herstellen eines Organopoiysildxan-Photosensibllisators, der im Mittel mehr als zwei 
Siloxaneinheiten enthdit, von denen im Mittel mindestens eine Siloxaneinheit pro Organopolysiloxan- 
moiekdl die Formel QaRbSiO<4^^,|/2 hat, das gekennzeichnet ist durch 

^ (A) Umsetzen eines Alkenyloxybenzophenon-Reaktionspartners der Formel 



(RiCeH^raCeH^^RSOR') 

durch eine Hydrbsililierungsreaktioh, um etn Addukt zu bilden, mit eihem Silan, das mindestens ein an 
Silicium gebundenes Wasserstoffatom und mindestens eine an Silicium gebundenen. hydrolisierbaren 
Fiest aiifWeist Oder mh einern Siloxan, das mindestens zwei Siloxangruppen und mindestens ein an 
Silicium gebundenes Wasserstoffatom aufweist und 

(B) Polymerisieren des Adduktes oder Copolymerisieren des Adduktes mit einern anderen Silan, das 
mindestens ein ah Silicium gebundenes hydrolisierbares Radikal aufweist oder mit einern Silbxan, wobei 
beide keine Q-Gruppen aufweisen, um emen Organopolysiloxan-Photosensibilisator zu bilden, in dem Q 
eine Benzophenon enthaltende Gruppe der Formel 



55 



(RiC6H8Hn)C{CeH4H.R50R3) 



Ist, In der jedes R^ und R^ unabhangig voneinander ein Wasserstoffatom, ein Halogenatom, ein einwertiger 
so Kohlenwasserstoffrest mit 1 bis 10 Kohlenstoffatomen, eine Alkoxygruppe, eine Thioalkoxygruppe, eine 
iHydroxylgruppe, eine Aminogruppe oder eine Dialkylaminogruppe sind, R' ein zweiwertiger 
Kohlenwasserstoffr st mit 2 bis 10 Kohlenstoffatomen ist, R^ ein einwertiger Kohlenwasserstoffrest oder 
ein halogenierter einwertiger Kohlenwasserstoffrest ist, R^ ein aliphatisch ungesdttigter einw rtiger 
Kohlenwasserstoffrest ist, der die gleiche Zahl von Kohlenstoffatomen hat, wie der Rest R^ m eine ganze 
S5 Zahl von 1 bis 5, n eine ganze Zahl von 1 bis 4, a ein ganze Zahl von 1 bis 3, b etn ganze Zahl von 0 bis 2 
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R'-Sei^v^S ''"'^ ' '^^^ '^^^^"<^ ''-^ Hydrosnnterungsr^aktfon zum 

Revendications 

^iiovLnorni'"**''^®"^'''"'^^*^"' organopolysiloxane comprenant une moyenne de plus de deux unites 
formfr n ^.c-,^" moyenne d'une unit6 siloxane par mol6(Lle d'organopolysilo:^ne a ll 

fbrmule OJ^xO^y^. oC» Q ^ un groupe contenant un radical de ben2oph«?one a^t l^fo^ule 

Q 

(RiC,H5^C(CBH«^R»OR»4-: 

R' et R* sont chacun, indSpendamment, un atome d'hvdroadna un atnma H'h<ii»»A^. . _ 
d'hydrocarbure monovalent ayant de 1 S 10 atomes de «K?un gr^u J^roxv Sn JZ^^ 
un groupe hydroxyle, un groupe amino ou un groupe dlallStemlno^RWu^^arZ^^^ 
d valent ayant de 2 a 10 atomes de carbone; R* e^st un%roiTd'?SS™oarbl« mon^^^^^ 
d hydrocarbure monovalent halog6n6; m est un nombre entier de 1 % 5, /» est un nomrre entier de 1T4 f 
2" Un'"nhV"*'^' H r ^ ^ 3, 6 est un nombre entier de 0 S 2 et a+A e^un nombre er£r de A 3 
silo^«„^lS^f°'*"T-'""f^^!J" °:9anopolysiloxane seton ia revendication 1, dans, equ^ toufe uniti 
foZle Phs^ "molecules du photosensibilisateur org^ „e pprtant pas Sn groupe Q a a 

^ f, "^<'*'^(«-«-<«« °" <^ et c+tf sont des nombres entiera de 0 3 » . k «" ■«» 

de atunp^ n organopolysiloxane selon la revendlcation 2. dans lequel le nombre moyen 
de n^?.n~^4 T ."""^^'^ d'organopolysiloxane va de 0^2% k 50% du nombre total de JroupS Q « 
2B de groupes R* dans la molecule d'organopolysiloxane. «u.i ue groupes u ei 

30 

o 

■ • •■ II ■ ■ 

et un r6actif organohydrogenopolyslloxane contenant plus de deux unites slloxahes et au moin.* i.n atn™» 

o 

(RmC6H»^)C{C6H4^RgOR»+; 

et R^ sont chacun, ind^pendamment un atome d'hvdroa&ne un atnmo A'u^irs^^^^ 
d'hydrocarbure monovalent ayant de 1 i 1 0 atomes de «tt7n g^Cpl ateox^, J n gS'e Zo^^^ 
di;arnt'.:aK7^1o"at^mefr'"T °" ^"'"'^ *allcylam4; R^J^^grruSeTh^Soc^S 
Sro«^buL miLl^i»nt^^^^^ ^"'"P® d'hydrocarbure monovalent ou un groupe 

inS^^SarAml n^^h^H'^f*' «^ 9^^"P« d'hydrocarbgre monovalent allphatiquemem 
msature ayant le mSme nombre d'atomes de carbone que le groupe R»; m est un nombre entier 1 4 « 
est un nombre entier de 1 d 4, a est un nombre entier de 1 43, A est un nombreSr^e 0 12 Ja+A^^^ 

o 

(R^CsHs.„)C(CbH4h^PR«) 

et un silane portent au moins un atome d'hydrogdne 116 au silicium et au moins un groupe hvdrolvsable 116 
sHlSl.'™""-''"'^"^''"'*''^ 

(B) on p lymerise I produit d'addition ou on copolym6rise I prwdult d'addltlon avec un antr 
portant au moms un radical hydr lysable lid au silidunTou avec un siloxane S deu^rS ^lr^^7 
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groupes Q, pour former le photosenstbUisateur organopolysiloxan , ou Q est un groupe contenant un 
radical de benzbphdnoiie ayant la formule 

O 

^ I' , 

(RiCeHsHn)C(CeH4^RS0R»-f.; 

et sent chacun, Ind^pendamment un atome d'hydrogdne, un atome d'halog^ne, un groupe 
d'hydrocarbure monovalent ayant de 1 S 10 atomes de carbone, un groupe alcoxy, un groupe thioalcbxy, 
w un groupe hydroxyle, un groupe amino ou un groupe dialkylamino; R^ est un groupe d'hydrocarbure 
divalent ayant de 2 ^ 10 atomes de carbone; R^ est un groupe d'liydrocarbure monovalent ou un groupe 
d'hydrocarbure monovalent halogene; R® est un groupe d'hydrocarbure monovalent aliphatiquement 
insature ayant le m§me nombre d'atomes de carbone que le groupe R^; m est un nombre entier de 1 d 5, /? 
est un nombre entier de 1 d 4, a est un nombre entier de 1 ^ 3, est un nombre entier de 0 ^ 2 et a+b est un 
norhbre entier de 1 li 3; le groupe R' devenant le groupe R^ pendant cette reaction d'hydrosilylation. 
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